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A SENSOR, APPARATUS, AND A METHOD FOR MEASURING THE 
INTERFACE PRESSURE BETWEEN TWO BODIES 

[001] The present invention relates to methods and 
apparatuses for measuring the interface pressure between 
two bodies . 

[002] British patent application GB 2 199 953 
describes a pressure measuring device including a cell 
constituted by an inflatable envelope having two opposite 
regions whose outside faces are for 'coming into contact 
with respective surfaces between which it is desired to 
measure the interface pressure. Electrical conductors 
disposed on the inside faces of said regions can come 
into contact when the pressure exerted on the envelope 
exceeds the pressure that exists within the envelope. 

[003] There exists a need to benefit from improved 
means enabling an interface pressure to be measured, more 
compactly, in reliable manner, and at relatively low 
cost . 

[004] The invention seeks in particular to satisfy 
this need. 

[005] In one of its aspects, the invention provides 
a sensor for sensing the interface pressure between two 
bodies, which sensor may be characterized by the fact 
that it includes at least two intercommunicating 
detection zones, each detection zone being formed inside 



an inflatable envelope for interposing between said 
bodies, and having two opposite regions whose spacing 
apart depends on the interface pressure between said 
bodies, each detection zone including a detector arranged 
to deliver information associated with the spacing 
between said regions. 

[006] The term "intercommunicating detection zones" 
is used to designate detection zones that are 
interconnected in such a manner as to enable the pressure 
of a fluid filling said detection zones to come into 
equilibrium, it being possible for the fluid to flow, 
where necessary, from one detection zone to the other. 

[007] By means of the invention, it is possible to 
inflate the set of detection zones from a single fluid 
source, thus making it possible to achieve savings in 
space, greater reliability, and lower cost, in particular 
to such an extent as to be compatible with certain 
applications in which the sensor needs to be for single 
use only. 

[008] In addition, the invention makes it possible 
to make sensors having a large number of detection zones, 
thus making it possible to use such sensors in a very 
wide variety of applications. 

[009] The number of detection zones of a sensor may 
lie in particular in the range 2 to 100, or even several 
hundreds depending on the application. 



[010] At least one envelope of a detection zone can 
be made at least in part out of an elastically deformable 
material. The use of such a material can make it easier 
to ensure that the envelope does not significantly modify 
the interface pressure existing between the two bodies, 
and in particular does not lead to excessive levels of 
stress or shear forces. 

[Oil] The envelope of at least one detection zone 
may advantageously be made of a membrane, in particular 
an elastomer membrane, of small thickness, in particular 
having a thickness that is less than or equal to 
1 millimeter (mm) and in particular less than or equal to 
0.5 mm, or even about 0.1 mm, which presents the 
particular advantage of making it adaptable to a large 
number of bodies presenting a variety of shapes. 

[012] At least one detection zone may present a 
shape that is selected in such a manner that the presence 
of the sensor between the two bodies does not 
significantly modify the interface pressure that exists 
between them. By way of example, when seen from above, a 
detection zone may have a shape that is circular, square, 
or rectangular, or some other shape. 

[013] By way of example, each of the opposite 
regions of the envelope may have an area that is less 
than or equal to 100 square centimeters (cm 2 ) or even less 



than or equal to 10 cm 2 , and in particular may lie in the 
range 0.1 cm 2 to 1 cm 2 . 

[014] One of the facing regions of the envelope may 
extend over an area that is greater than that of the 
surface of the body with which it comes into contact. 

[015] The detection zones may be arranged in various 
ways, for example linearly or in a two-dimensional array, 
or even a three-dimensional array, e.g. as a function of 
the shape of the surface of the body against which they 
come to bear. 

[016] A detection zone may include at least one wall 
in common with at least one adjacent detection zone, said 
common wall possibly including at least one passage 
enabling the detection zones to communicate with each 
other . 

[017] In a variant, or in addition, communication 
between two adjacent detection zones may be established 
via at least one duct that is external to the detection 
zones. 

[018] In another variant, no partition separates two 
adjacent detection zones. 

[019] At least one detection zone may include a 
detector arranged to measure the spacing between the two 
facing regions of the envelope in said detection zone, 
e.g. by delivering a signal that is proportional to said 
spacing . 
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[020] At least one detector of at least one 
detection zone may be selected from the following list: 
an electrical detector, in particular a contact or a 
capacitance electrical detector; an optical detector, in 
particular an optical fiber detector, a diffraction 
detector, or an optical focus detector; a magnetic 
detector, in particular an induction detector, a linear 
wire or coil detector, or a Hall effect detector; or a 
thermal detector. 

[021] A detector may include at least two elements 
disposed respectively on each of the inside faces of 
facing regions of the envelope of the detection zone. 

[022] By way of example, an electrical contact 
detector may comprise at least two electrical conductors 
disposed respectively on each of the two inside faces of 
said facing regions of the envelope of the detection 
zone. The information delivered by such a detector 
corresponds to making an electrical contact between the 
conductors, or to breaking said contact. 

[023] By way of example, a capacitive detector 
comprises two electrodes disposed on respective ones of 
the inside faces of facing regions of the envelope. The 
information delivered by such a detector corresponds to 
the capacitance of the capacitor formed by the 
electrodes, which capacitance depends on the spacing 
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between said regions. Such a detector can serve to 
measure the spacing between the regions. 

[024] An optical fiber detector may comprise at 
least two optical fibers e.g. disposed on the respective 
inside faces of two facing regions of the envelope of the 
detection zone. When the fibers are aligned along a 
common axis, i.e. when the two regions are in contact, a 
light beam is passed from one to the other, whereas when 
the fibers are not in alignment, i.e. when the regions 
are spaced apart, a light beam no longer passes. 

[025] An optical focusing detector comprises two 
optical fibers and a lens enabling the light beam to be 
concentrated, thus making it possible to obtain 
information that is relatively precise. 

[026] A diffraction detector comprises a light 
emitter and a light receiver, together with a diffraction 
element situated in the space between the facing regions. 
The light intensity received by the receiver is a 
function of the spacing between the regions. 

[027] An induction detector comprises a coil or a 
linear wire for emitting a magnetic field that varies in 
time, and a coil or a wire for receiving said magnetic 
field, and disposed respectively on each of the inside 
faces of facing regions of the envelope of the detection 
zone. The information delivered by such a detector 
corresponds to the voltage induced by one. of the elements 



in the other, which depends in particular on the spacing 
of said regions. 

[028] A Hall effect detector comprises a magnetic 
element and a Hall effect probe respectively disposed on 
each of the inside faces of the facing regions of the 
envelope of the detection zone. Such a detector can 
serve to measure the spacing between said opposite 
regions . 

[029] A thermal detector comprises at least one hot 
element and a detector element that is temperature- 
sensitive. The information delivered by the detector can 
correspond to thermal contact being made or broken 
between the two elements. 

[030] Other detectors can also be used without that 
going beyond the ambit of the present invention. 

[031] In a particular embodiment, the detector 
associated with a detection zone may include both a 
portion of an element that is common to a plurality, or 
even to all, of the detection zones, and an element that 
is specific to said detection zone. For example, an 
electrical contact detector associated with a detection 
zone may comprise a portion of an electrical conductor 
that is common to- a plurality or even all of the 
detection zones, said conductor being connected to an 
electrical ground, for example, together with an 



electrical conductor that is specific to said detection 
zone . 

[032] The information associated with the spacing 
between the facing regions of the envelope as delivered 
by the detector of a detection zone may be analog or 
digital, e.g. binary, and may indicate whether the two 
facing regions of the envelope of said detection zone are 
or are not substantially in contact with each other, for 
example. In a first configuration of the detection zone, 
the facing regions of the envelope are in contact with 
each other and the pressure inside the detection zone is 
less than the interface pressure between the two bodies 
at the location of said detection zone. In a second 
configuration, the facing regions of the envelope are not 
in contact with each other, the pressure inside the 
detection zone being greater than the interface pressure 
between the two bodies at said location. At the moment 
when the detection zone passes from one configuration to 
the other, the pressure inside the detection zone is 
substantially equal to the interface pressure between the 
two bodies at the location of said detection zone. 

[033] For an electrical contact detector, the 
information that is delivered may correspond to contact 
being broken or made. 

[034] The information delivered by a detector is 
renewed each time the detector changes state. For 



example, for an electrical contact detector, the 
information delivered is renewed each time the detector 
passes from the configuration in which the electrical 
conductors are making contact, to the configuration in 
which the electrical contact between the electrical 
conductors is broken, in which case the electrical 
conductors are spaced apart from each other. 

[035] The detector of a detection zone is preferably 
configured substantially to preserve the interface 
pressure between the two bodies and avoid introducing 
stresses or shear forces that would excessively disturb 
the results of the analysis. 

[036] At least one detection zone may include a 
detector including an element, in particular a non-linear 
electrical conductor, in particular an electrical 
conductor extending in a zigzag. In particular, for a 
detection element, in particular an electrical conductor, 
that is common to all of the detection zones, or at least 
to some of them, the conductor may present a zigzag shape 
so as to avoid introducing excessive shear forces or 
stresses, and thus avoid modifying the pressure between 
the bodies. 

[037] The zigzag configuration of an electrical 
conductor may also serve to increase the sensitivity of 
the detector when the two facing regions of the envelope 
move towards each other, by enabling a plurality of 



contact points to be made between the two conductors 
disposed respectively in said region. Thus, contact 
between the electrical conductors may be detected as soon 
as contact is made with one of these contact points. If 
the facing regions of the envelope are in partial contact 
with each other, it is then nevertheless possible to 
detect contact. The contact zone may be provided with a 
conductive pellet, e.g. made of Ag, Au, or Be, for the 
purpose of reducing contact resistance and of increasing 
contact durability . 

[038] By way of example, the electrical conductors 
may be made by etching a flexible medium coated in a 
metal conductor. 

[039] The sensor may include a fluid admission that 
is common to all of the detection zones of the sensor. 
The fluid may be a gas, e.g. air, nitrogen, argon, or any 
inert biocompatible medical gas, or it may be a liquid, 
e.g. water, physiological serum, oil, or any inert 
biocompatible biomedical fluid. 

[040] The sensor may also include at least one fluid 
admission external to the detection zones and serving 
each of them from the outside, so as to make it possible 
in particular for all of the detection zones to be more 
easily sensitive to the same pressure at the same time. 

[041] The sensor may be arranged in such a manner as 
to be capable of being thoroughly sterilized, in 



particular by being raised to a temperature greater than 
or equal to 130°C. Under such circumstances, the 
envelope of each detection zone may advantageously be 
made of a plastics material that withstands high 
temperatures. 

[042] The detection zones of the' sensor may be 
secured on a support, e.g. an elastomer support or a 
stretchable textile support, in particular of the knit 
type . 

[043] In another of its aspects, the invention 
provides apparatus for measuring the interface pressure 
between two bodies , the apparatus being characterizable 
by the fact that it includes a sensor as defined above. 

[044] Such apparatus may also include a pressure 
generator arranged to deliver fluid under a pressure that 
is variable in time into the detection zones of the 
sensor. The apparatus may be arranged in such a manner 
that at a given instant all of the detection zones are at 
substantially the same pressure. 

[045] The pressure generator may be arranged in such 
a manner as to cause the pressure to vary in application 
of a function that is periodic and continuous, in 
particular sinusoidal or a sawtooth function. The 
maximum pressure and the minimum pressure may correspond 
respectively to the highest pressure and the lowest 
pressure detected by two of the detection zones in the 



set of detection zones. In a variant, the maximum 
pressure and the minimum pressure may be predetermined. 

[046] The pressure generator may be arranged so that 
the pressure varies around a mean value that corresponds 
substantially to the interface pressure. 

[047] In a variant, the pressure-measuring apparatus 
may be arranged to detect the last separation between 
facing zones of a detection zone in the set of detection 
zones, and then to cause the pressure generator to reduce 
the applied pressure. 

[048] This makes it possible to shorten the duration 
of a cycle. In addition, the pressure applied does not 
exceed the pressure that is needed for separating the 
regions, thus serving to avoid stretching the membrane of 
the sensor pointlessly. 

[049] The apparatus may include a system for 
processing the information delivered by the detector of 
at least detection zone, and preferably for processing 
the information delivered by the detectors of the 
detection zones. 

[050] By way of example, the processor system may be 
arranged to respond to information delivered by the 
detector of a detection zone to determine the interface 
pressure between the two bodies at a given instant at the 
location of said detection zone. 
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[051] Information delivered by a detector of a 
detection zone enables the processor system to update the 
value for the interface pressure at said instant and at 
the location of said detection zone. 

[052] This value is considered as being the value 
for the interface pressure at the location of said 
detection zone until new information is delivered by the 
detector, in turn updating the value for the interface 
pressure at the location of said detection zone. 

[053] The processor system may also be arranged to 
establishes a map of the interface pressures between the 
two bodies at a given instant. The processor system may 
be arranged to update the map, in particular whenever a 
detector changes state. In a variant, the map may be 
updated at predetermined time intervals, e.g. regular 
time intervals, in particular time intervals lying in the 
range 1 second (s) to 2 days, depending on the 
application. 

[054] The apparatus may be arranged to limit the 
inflation rate of the detection zones and/or to limit the 
quantity of inflation fluid in the detection zones, so as 
to avoid damaging them. 

[055] The apparatus may also be arranged to detect a 
leak from one or more detection zones. 

[056] The processor system may be arranged to detect 
at least one soft point and/or hard point. 
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[057] The term "soft point" is used to mean a 
location in the interface where the pressure is lower, 
e.g. by a factor of 2, or even 5 or 10, or even more, 
e.g. 30, than the mean pressure exerted between the 
bodies. At this location, the pressure measured by a 
detection zone or by a small number of detection zones 
between the two bodies is lower than the pressures 
measured by the adjacent detection zones, and in 
particular lower than a predetermined threshold, which 
threshold may be a function of the pressure measured by 
the adjacent detection zones, for example. By way of 
example, the mean pressure exerted between the bodies may 
be 0.03 bars, and the pressure at a soft point may be 
0.001 bars. 

[058] It is also possible to detect a soft point by 
measuring spacing that is greater between the facing 
regions at the location of one detection zone than 
between the facing regions of the envelopes of the 
adjacent zones. 

[059] The term "hard point" is used to mean a 
location in the interface where the pressure is higher, 
e.g. by a factor of 2 or 5 or 10, or even more, than the 
mean pressure exerted between the bodies. At this 
location, the pressure measured by a detection zone or a 
small number of detection zones between the two bodies is 
higher than the pressures measured by the adjacent 
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detection zones, and in particular higher than a 
predetermined threshold, which threshold may be a 
function of the pressure measured by the adjacent 
detection zones, for example. By way of example, the 
mean pressure may be 0.03 bars and the pressure at a hard 
point may be 0.4 bars. 

[060] It is also possible to detect a hard point by 
measuring a spacing that is smaller between the facing 
regions at the location of one detection zone than 
between the facing regions of the envelopes of the 
adjacent regions . 

[061] A soft or hard point can represent, for 
example, a surface irregularity or the presence of a 
predetermined organ in a medical application or an 
obstetric application, in particular. 

[062] In another of its aspects, the invention also 
provides a method of measuring the interface pressure 
between two bodies, the method being characterizable by 
the fact that it comprises the following steps: 

[063] • placing a sensor as defined above between 
the two bodies; 

[064] • delivering a fluid into the detection zones 
of the sensor and causing the pressure within the 
detection zones to vary; and 

[065] • determining the interface pressure between 
the two bodies at a given instant at the location of a 



detection zone on the basis of information delivered by 
the detector of the detection zone. 

[066] The method may also include the step 
consisting in establishing a map of the measured 
interface pressures. This map may be updated regularly, 
e.g. at time intervals that may lie in the range 1 s to 
2 days . 

[067] The method of the invention may be implemented 
to measure the interface pressure between two surfaces of 
two soft bodies, or of a soft body and a hard body, or 
within a soft body, in particular between two surfaces of 
at least one soft body selected from the following list: 
a portion of the human body or a body simulating such a 
portion, in particular the head of a fetus, muscles, 
skin, mucous membranes, internal cavities; between a 
portion of the human body and an element interacting with 
the human body, e.g. a seat, a mattress, garments, the 
inside of a helmet, elastic stockings or fabric; to 
determine the hardness of a textile, of a lining 
material, of an elastomer; to determine the state, in 
particular the ripening state of produce, in particular 
vegetables or fruit by determining their hardness. 

[068] In another of its aspects, the invention also 
provides a method of detecting at least one soft point, 
the method being characterizable by the fact that it 
comprises the following steps: 
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[069] • placing a sensor as defined above between 
the two bodies; 

[070] • delivering a fluid into the detection zones 
of the sensor and causing the pressure inside the 
detection zones to vary; 

[071] • determining the interface pressure between 
the two bodies at a given instant at the location of a 
detection zone on the basis of the information delivered 
by the detector of the detection zone; and 

[072] • deducing therefrom the presence and the 
location of at least one soft point. 

[073] In another of its aspects, the invention also 
provides a method of detecting at least one hard point, 
the method being characterizable by the fact that it 
comprises the following steps: 

[074] • placing a sensor as defined above between 
the two bodies; 

[075] • delivering a fluid into the detection zones 
of the sensor and causing the pressure inside the 
detection zones to vary; 

[076] • determining the interface pressure between 
the two bodies at a given instant at the location of a 
detection zone on the basis of the information delivered 
by the detector of the detection zone; and 

[077] • deducing therefrom the presence and the 
location of at least one hard point. 
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[078] In another of its aspects, the invention also 
provides an obstetric forceps comprising two blades each 
having an inside face for coming into contact with the 
head of a fetus or a body simulating such a head, and an 
outside face for coming into contact with the pelvic 
walls or a body simulating such walls, the forceps 
including at least one sensor as defined above. 

[079] A forceps fitted with such a sensor makes it 
possible to monitor the pressure exerted on the head of 
the fetus while the forceps is in use, and to change the 
positioning of the forceps immediately if the sensor 
detects a soft point such as an eye, a hard point such as 
a bone, or indeed asymmetry between the pressures exerted 
by the blades. The forceps may also be used for training 
doctors or students by being used on a body simulating 
the head of a fetus. 

[080] At least one sensor may be placed on the 
inside face of at least one of the blades of the forceps. 
At least one sensor may be placed on the outside face of 
at least one of the blades of the forceps. The sensor (s) 
disposed on the blade (s) of the forceps may comprise a 
plurality of detection zones, e.g. more than ten 
detection zones, for example 16 or 20 detection zones 
each, these detection zones being placed in particular 
around the periphery of one of the faces of at least one 
blade. 

t 



[081] The blades of the forceps may be covered in at 
least one flexible protective cover that also covers the 
detection zones of the sensor. The protective cover may 
be sterile. It may be discarded prior to the forceps 
being used. In a variant, . The protective cover may cover 
the sensors of the forceps in use, with the cover then 
serving to protect the sensor (s) while also enabling 
interface pressure to be measured because of its own 
flexibility. 

[082] In another of its aspects, the invention also 
provides the use of a sensor as defined above in any one 
of the following devices: an anti-sore device, mattress, 
seat, in particular car seat, garments, helmet, elastic 
stockings or fabric, a device for grasping or clamping a 
body that is soft and/or of irregular shape and/or of 
fragile nature, a hydraulic or pneumatic lifting device, 
or a device for placing in an internal cavity of the 
human body, or a device for measuring the degree of 
ripening of produce, in particular fruit or vegetables. 

[083] The invention can be better understood on 
reading the following detailed description of non- 
limiting embodiments thereof, and on examining the 
accompanying drawings, in which: 

[084] • Figure 1 is a diagrammatic view of an 
example of interface pressure measurement apparatus made 
in accordance with the invention; 



[085] • Figures 2 and 3 show examples of how 
pressure varies in the detection zones as a function of 
time; 

[086] • Figures 4 to 9 are fragmentary diagrams 
showing some examples amongst others of ways in which the 
detection zones can be arranged; 

[087] • Figure 10 is a diagrammatic and fragmentary 
view of an example of an arrangement of an electrical 
conductor on one of the regions of the detection zone 
envelope; 

[088] • Figure 11 is a . diagrammatic and fragmentary 
view showing an example of an arrangement for an 
electrical conductor on another region of the detection 
zone envelope; 

[089] • Figure 12 is a plan view showing an example 
of the voltage positioning between the electrical 
conductors of Figures 10 and 11; 

[090] • Figures 13 to 15 are views respectively 
analogous to Figures 10 to 12 showing another 
configuration for the electrical conductors; 

[091] • Figures 16 to 18 are views respectively 
analogous to Figures 10 to 12, showing yet another 
element of a configuration of the electrical conductors; 

[092] • Figure 19 shows that it is possible to 
provide more than one fluid inlet per detection zone; 



[093] • Figure 20 is a diagrammatic and fragmentary 
view in axial section showing another example of a sensor 
of the invention; 

[094] ■ Figure 21 is a diagrammatic and fragmentary 
view in axial section showing another example of a sensor 
of the invention; 

[095] • Figure 22 is a diagrammatic and perspective 
view showing a pair of forceps fitted with sensors in 
accordance with the invention; 

[096] • Figure 23 is a diagrammatic view of one 
example of a sensor suitable for fitting to the forceps 
of Figure 22; 

[097] • Figure 24 shows an example of how 
information associated with the use of a sensor of the 
invention can be presented; 

[098] • Figure 25 is a diagrammatic and fragmentary 
axial section view showing a car seat provided with 
sensors of the invention together with the pelvis of a 
person sitting thereon; 

[099] • Figure 2 6 is a diagrammatic section view 
showing the sensors that can be fitted to the seat of 
Figure 25; 

[0100] • Figure 27 is a fragmentary view showing 
one of the sensors of Figure 26 from above one side; 



[0101] • Figure 28 is a fragmentary view of the 
Figure 26 sensor in plan view seen from the other side 
relative to that shown in Figure 27; and 

[0102] • Figure 29 is a diagram showing a 

grasping or clamping system provided with sensors of the 
invention. 

[0103] Pressure measurement apparatus 

[0104] Figure 1 show an example of apparatus 1 
for measuring the interface pressure between two surfaces 
Sa and Sb that may be defined by living or inanimate 
bodies that are soft, deformable, or hard, and of 
arbitrary shape. 

[0105] The apparatus 1 comprises at least one 
sensor 10 enabling interface pressure to be measured, a 
pressure generator 30 associated with the sensor 10, and 
a processor system 30 for processing the information 
delivered by the sensor 10. 

[0106] In the example shown, the pressure 
generator 20 and the processor system 30 are connected to 
a microcomputer 40 serving, for example, to control the 
pressure generator 20 as a function of information 
received from the processor system 30. 

[0107] In a variant that is not shown, the 
pressure generator 20 and the processor system 30 are 
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made in such a manner as to operate autonomously, 
independently of any connection with a microcomputer. 

[0108] In another variant, the processor system 
30 and the pressure generator 20 may be arranged to 
exchange information between each other and/or with a" 
remote computer with or without a portable terminal, 
using a telephone network or a short distance wireless 
connection network, e.g. of the BluetoothD or Wi-FiD 
type . 

[0109] The pressure generator 20 may comprise, 
for example, an electromechanical member such as a 
diaphragm pump or a peristaltic pump. The fluid filling 
the detection zones is constituted, for example, by a gas 
such as air, or by a liquid, preferably of low viscosity, 
and for example electrically insulating. 

[0110] As can be seen in Figure 1, the sensor 10 
comprises two detection zones 11 each being formed inside 
an inflatable envelope 12 which is made in the example 
described out of a fine elastomer membrane. By way of 
example, the thickness of the membrane lies in the range 
0.1 mm to 1 mm, with the membrane being made of 
polyvinylchlpride (PVC) or polyurethane (PU) for example. 

[0111] The envelopes 12 of the detection zones 11 
may be made by bringing together and using heat-sealing 
or adhesive to bond together two membranes that are were 
initially independent, or that come from a single 



membrane that is folded in half and assembled together so 
as to form the detection zones 11. 

[0112] It is also possible to make the envelope 
of a detection zone or of a plurality of detection zones 
by injection or blow-molding, or by rotary molding. 

[0113] The detection zones can be made 
independently, and then brought together so as to make 
them intercommunicate, or they can be united as from 
manufacture. 

[0114] In the example described, each envelope 12 
presents two opposite regions 12a and 12b having 
respective outside faces 13a and 13b that come into 
contact at least in part with the surfaces Sa and Sb. 
The opposite regions 12a and 12b also present respective 
inside faces 14a and 14b on which there are placed at 
least two elements 15a and 15b constituting a detector 15 
suitable for delivering information to the processor 
system 30 associated with the spacing between the 
opposite regions 12a and 12b. In the example shown, 
these elements 15a and 15b comprise electrical conductors 
capable of coming. into contact with each other in order 
to close an electrical circuit between two respective 
lines 16a and 16b connected to the processor system 30. 

[0115] In the example described, the electrical 
conductors 15b of the two detection zones 11 are 
electrically connected in series and the electrical line 



16b is thus common to all of the detectors 16, e.g. being 
connected to electrical ground. The processor system 30 
receives the two electrical lines 16a that are 
electrically insulated and connected respectively to the 
elements 15a of the detection zones 11. The number of 
lines 16a is preferably equal to the number of detection 
zones 11 of the sensor 10. 

[0116] The electrical conductors 15a and 15b can 
be made by etching a metal on a flexible backing medium, 
e.g. by etching nickel on polyimide. The conductors may 
be applied and secured to the opposite regions 12a and 
12b of the envelope by adhesive, heat-sealing, mechanical 
fastening, or in some other way. 

[0117] The electrical conductors may also be made 
by being printed directly on the membrane of the 
envelope, or by dual injection of material while 
injecting the envelope. 

[0118] The detect associated with each detection 
zone need not have electrical conductors designed to come 
into contact with each other, without that going beyond 
the ambit of the present invention. In a variant that is 
not shown, at least one of the detection zones 11 may 
implement, for example, a detector that is capacitive, 
being arranged to measure the spacing between the regions 
12 or a detector that is inductive, optical, or thermal. 



[0119] As can be seen in Figure 1, the sensor 10 
also includes an opening 17 made in the envelope of a 
detection zone 11, so as to enable the inside of the 
corresponding detection zone to communicate, via a duct 
21, with the pressure generator 20. In the example 
shown, the two detection zones 11 also communicate 
internally with each other via a passage 18, thus 
enabling the pressures in the detection zones 11 to be 
balanced. 

[0120] The duct 21 may be made integrally with 
the envelope 12, for example. 

[0121] In Figure 4, it can be seen that when 
observed in a direction parallel to the direction in 
which the component elements 15a and 15b of the detects 
move towards each other, in plan view, each of the 
detection zones 11 can present an outline that is 
substantially circular . 

[0122] The generator 20 is arranged in such a 
manner as to act on the pressure of the fluid inside the 
duct 21. The generator 20 may be arranged to cause the 
pressure to vary in sawtooth manner, for example, with a 
triangular profile that is either symmetrical as shown in 
Figure 2 or asymmetrical as shown in Figure 3. The 
pressure could also be varied in some other way, e.g. 
sinusoidally , etc. The pressure may vary with a period 
lying in the range 0 . 5 s to 1 hour (h) , for example. The 



period of the pressure variation function should be much 
greater than time constant for balancing pressure in the 
detection zones, for example. 

[0123] As a function of the pressure that exists 
inside the detection zones 11, these zones provide 
greater or smaller opposition to flattening under the 
effect of the interface pressure between the surfaces Sa 
and Sb. 

[0124] When the pressure inside the detection 
zones becomes lower than a predetermined value, the 
electrical conductors 15a and 15b of at least one 
detection zone 11 can come into electrical contact with 
one another, and such contact can be detected by the 
processor system 30. At the moment when contact is made, 
that means that the pressure that exists in the detection 
zone has become less than the interface pressure, at 
least locally. When the contact is broken, that means 
that the pressure that exists inside the detection zone 
has become greater than the interface pressure at the 
location of the corresponding detection zone. 

[0125] The minimum pressure P min and the maximum 
pressure P max applied during scanning can be predetermined 
and can have, for example, respective values lying in the 
range 0.001 bars to 0.05 bars for living tissue 
(respectively higher and lower for other applications) . 
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[0126] In a variant, the minimum pressure may be 
determined by the last detection zone of the sensor whose 
detector changes state after the sectors in all of the 
other detection zones have already delivered this 
information while the pressure is decreasing from the 
maximum pressure. 

[0127] Similarly, the maximum pressure can be 
determined by the last detection zone of the sensor to 
change state corresponding to contact being lost between 
the opposite regions of the envelope, after the detectors 
in all the other detection zones have already given this 
information during an increase in pressure from the 
minimum pressure. 

c 

[0128] For each period, the maximum pressure and 
the minimum pressure can thus vary without being 
determined by the same detection zones. 

[0129] The pressure generator 20 is arranged to 
limit the rate at which the detection zones are inflated 
and to limit the degree to which the detection zones are 
inflated, in particular for the purpose of limiting any 
risk of damaging a detection zone. The inflation volume 
of a detection zone may be less than or equal to 1 cubic 
millimeter (mm 3 ) for example. 

[0130] In order to limit the inflation rate, the 
apparatus 1 in the example shown includes a flow meter 
connected to a solenoid valve that interrupts the flow 



when its rate exceeds a predetermined value much greater 
than its value in use. 

[0131] To limit the degree to which the detection 
zones are inflated, the apparatus 1 in the example shown 
includes a volume-measuring meter which delivers 
information to the pressure generator 20 concerning the 
volume of fluid that has been delivered into the 
detection zones. 

[0132] A safety valve (not shown) may be 
connected, where appropriate, to the duct 21 in order to 
enable the fluid to escape in the event of pressure 
rising too high. 

[0133] The flow meter and the volume meter are 
integrated in the pressure generator 2 0 in the example 
shown and they are not shown in the drawing, however, in 
a variant, they could be independent or received in other 
components of the apparatus 1. 

[0134] The processor system 30 is arranged to 
sense and process information delivered by the detectors 
15 of the detection zones 11 of the sensor 10 and to 
determine for each detection zone 11 the interface 
pressure at the location of said detection zone at a 
given instant. 

[0135] The change of state of the detector in a 
detection zone 11 provides information about the value of 
the interface pressure at the location of said detection. 



30 

zone. This can make it possible for the processor system 
30 to draw up a map of the interface pressures in real 
time . 

[0136] The processor system 30 may also be 
arranged to detect points that are soft or hard, for 
example by comparing the pressure value measured for each 
detection zone with pressure values measured by the 
adjacent detection zones. 

[0137] The apparatus 1 is also advantageously 
arranged to detect degradation of a detection zone, in 
particular a leak from a detection zone. For example/ 
prior to placing the sensor 10 between the surfaces Sa 
and Sb, the pressure generator 20 may inflate the 
detection zones to a predetermined pressure and detect 
any variation in pressure. If the pressure decreases, 
that can mean that at least one of the detection zones is 
suf fering , f rom fluid leakage. 

[0138] In the example shown in Figure 1, the 
passage 18 enabling the detection zones 11 to communicate 
with one another is situated in a zone in which the 
envelopes 12 of the detection zones 11 are assembled 
together, however the detection zones 11 may be arranged 
in some other way without that going beyond the ambit of 
the present invention. 

[0139] For example, the envelope 12 of the 
detection zones 11 may be made as a single piece, e.g. 



with lines or spots of heat-sealing defining the 
detection zones 11, these lines or spots of heat-sealing 
also contributing, where appropriate, to holding the 
elements constituting the detectors 15 on the envelopes. 
[0140] 

[0141] Variant arrangements for the detection zones 

Figures 5 to 9 show various examples, amongst 
others, of possible arrangements for the detection zones. 

[0142] In these figures, the elements 
constituting the detectors are hot shown in order to 
clarify the drawing. 

[0143] Two detection zones may communicate via a 
passage 18 constituted by a portion of duct, as can be 
seen in Figure 5. 

[0144] When observed in plan view, .the detection 
zones 11 may be polygonal in shape, e.g. rectangular as 
shown in Figure 6. The passage 18 whereby the detection 
zones communicate can then be defined by lines of sealing 
19 uniting opposite regions of the envelopes. The 
passage 18 may be a single passage or it may be 
subdivided into a plurality as can be seen in Figure 7 . 

[0145] Figure 8 shows an arrangement of detection 
zones 11 in a two-dimensional array, the zones 
communicating between one another in at least two 



directions, e.g. via passages 18 formed between lines or 
spots of the sealing. 

[0146] Figure 9 shows another possible 
arrangement of detection zones 11, in which they 
communicate with one another via passages 18 constituted 
by portions of duct, these ducts possibly being made 
integrally with the walls of the envelopes of the 
detection zones, where appropriate. 

[0147] The detection zones may be arranged 
between one another in such a manner as to adapt to the 
shapes of the bodies at which interface pressure is to be 
measured. In particular, they can be arranged in a 
three-dimensional array. 

[0148] 

[014 9] Variant embodiments of the electrical 
conductors 

There follows a description with reference to 
Figures 10 to 18 of various possible shapes amongst 
others for making the electrical conductors. 

[0150] The conductors 15a secured to one of the 
regions of the detection zones 11 may be in the form of 
two rectilinear conductor strips, as shown in Figure 10. 
These conductors may extend transversely relative to a 
longitudinal axis of the sensor. 



33 

[0151] The conductors 15b which may be 
electrically interconnected in series as mentioned above, 
may be in the form of a conductive strip extending along 
a non-rectilinear path, and in particular a zigzag-shaped 
path, as can be seen in Figure 11, for example. 

[0152] The conductors 15a are placed in such a 
manner as to intersect the conductors 15b when the 
opposite regions of the detection zones are pressed one 
against another, as shown in Figure 12. 

[0153] The conductors 15a and 15b can be given 
other shapes, for example zigzag-covered spots, as shown 
in Figures 13 and 14, thus making it possible to achieve 
a large contact area. The conductors 15a may also be 
similar to those of Figure 11 can the conductor 15b may 
extend in a sawtooth configuration, as shown in 
Figures 16 to 18. 

[0154] 

[0155] Multiple fluid inlets 

As shown in Figure 19, at least one detection 
zone may have more than one fluid inlet. In Figure 19, 
there can be seen a second duct 21 1 connected to the 
pressure generator 20 for serving each of the detection 
zones 11. This duct 21' may be connected directly to the 
pressure generator 20, or in a variant to the duct 12. 
The duct 21 1 makes it easier to maintain the detection 
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zones 11 at substantially the same pressure at a given 
instant, particularly if the passage 18 should be blocked 
momentarily, e.g. by opposite regions of a few detection 
zones coming into contact under the effect of pressure 
being exerted between the surfaces Sa and Sb. Under such 
circumstances, the detection zone 11 furthest from the 
pressure generator 20 could be maintained at a determined 
pressure because of the presence of the duct 21'. 

[0156] Variant embodiments of the envelopes 

The envelopes 12 of the detection zones 11 of 
the sensor 10 may be made in various ways. 

[0157] An envelope 12 may be flexible completely 
or in part only. In particular, it may include a portion 
that coincides with the surface of one of the bodies for 
which it is desired to measure the interface pressure 
relative to another body, as shown in Figure 20. In this 
example, the surface Sb constitutes, for each detection 
zone 11, the region 12b of the envelope 12, whereas the 
region 12a is constituted by a flexible membrane that 
comes into contact . with the surface Sa. By way of 
example, this membrane is bonded by heat-sealing or 
adhesive to spots of the surface Sb in such a manner as 
to form the detection zones 11 and the passages 18 
between the detection zones. ■ Under such circumstances, 
the sensor 10 is secured to the body defining the surface 
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Sb. The duct 21 is also made using the surface Sb in the 
example shown. 

[0158] The detectors in the detection zones are 
not shown in this figure in order to clarify the drawing. 

[0159] The terms "envelope" and "detection zones" 
should not be interpreted in limiting manner. Thus, the 
envelope may be common to a plurality of detection zones 
even though each of them retains its own detector. As 
shown in Figure 21, it is not essential for two adjacent 
detection zones 11 to have a partition between them. Two 
adjacent detection zones 11 may alternatively have a 
partition so as to form cells. 

[0160] A sensor made in accordance with the 
invention can be used in numerous applications, and in 
particular in the fields of medicine or obstetrics. 

[0161] 

[0162] An example of application to a forceps 

By way of example, Figure 22 shows a forceps 50 
comprising two blades 51 and 52, each presenting an 
inside face 53 and an outside face 54. 

[0163] In the example shown, the forceps 50 carry 
two sensors 10 (not shown in Figure 22 in order to 
clarify the drawing) disposed respectively on each of the 
inside faces 53 of the blades 51 and 52. Each sensor 10 
comprises a plurality of detection zones disposed around 



the periphery of its corresponding face, as can be seen 
in Figure 23. By way of example, the number of detection 
zones 11 lies in the range 10 to 20, e.g. being 16 as 
shown in the drawing. 

[0164] An advantage of having at least one sensor 
made in accordance with the invention on a forceps is to 
measure the pressures exerted on the head of the fetus by 
the blades of the forceps, to detect a soft point as 
might be constituted by an eye, or a hard point that 
might be constituted by a bone. 

[0165] When the sensors are present on the inside 
faces 53 of the two blades 51 and 52, it is also 
advantageous to verify that the pressures exerted on the 
head of the fetus are symmetrical so as to avoid 
excessive pressure on one side of the head. 

[0166] A flexible protective cover represented by 
discontinuous lines in Figure 23 may cover the blades and 
the sensor (s) before and during utilization. The cover 
is preferably sterilizable together with the sensor, and 
in particular is suitable for being raised to a 
temperature greater than or equal to 130 °C. 

[0167] The microcomputer 40 in the example of 
Figure 1, when used with interface pressure sensors on a 
forceps 50, may be arranged to enable the person handling 
the forceps to see a map of the pressures being exerted. 
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[0168] Figure 24 shows an example of a screen 
that can be observed by the obstetrician by using the 
forceps 50. 

[0169] In this figure, there can be seen a 
diagram of the head of a fetus F, the blades 51 and 52 of 
the forceps having the sensors 10 disposed on their 
inside faces 53. These sensors are shown in a different 
color (not visible in the figure) depending on whether 
the corresponding electrical conductors are or are not 
making contact. In a variant not shown, this indication 
is provided by means other than a color, for example by a 
numeral or a histogram, etc. 

[0170] The pressure in the detection zones varies 
in sawtooth manner, e.g. with an amplitude of 0.2 bars. 
The right and left profile views F R and F L of the head of 
the fetus can serve to illustrate the pressures to which 
each portion of the head of the fetus F is being 
subjected. 

[0171] 

[0172] Application to preventing sores in the sitting 
position 

Another application is shown by way of 
illustration in Figure 25 to 28. 

[0173] This example relates to measuring the 
interface pressure between the seat proper of a seat S 
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and the buttocks, in particular the ischia I of a patient 
whose pelvis is shown diagrammatically in Figure 25. The 
seat includes at least one sensor as described above, and 
in particular two sensors in the example shown. 

[0174] The two interface pressure sensors 10 are 
disposed on the seat proper S under the ischia I at the 
location where the interface pressure is particularly 
high, possibly being as much as 300 millimeters of 
mercury (mmHg) . 

[0175] As can be seen in Figure 26, the admission 
of fluid, in particular air, in the direction of the 
arrow is common to both sensors 10 in the example shown, 
but it would not go beyond the ambit of the invention for 
each sensor to have its own specific fluid admission. 

[0176] Each sensor has a plurality of detection 
zones 11, e.g. 32 such zones disposed at the 
intersections of a grid in the example shown, thereby 
making data processing easier. The detection zones 11 
are grouped together in groups of two or three within a 
portion of the sensor envelope that is substantially in 
the elongate shape of a glove finger. The portions of 
elongate glove finger shape in the envelope thus occupy 
two facing rows. 

[0.177] The distance between pairs of sensors 10 
may be 2 cm, the diameter of a sensor may be about 14 cm, 
and the cross-section of a glove finger-forming portion 
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may be about 1 cm 2 . The elongate shape of the glove 
finger portions of the envelope 12 enable the membrane of 
the sensor to withstand an internal . pressure that is high 
without risk of breaking. The presence of 12 portions of 
elongate shape improves the total strength of the sensor 
membrane . 

[0178] The envelope 12 of the detection zones 
comprises two opposite regions 12a and 12b shown 
respectively in Figures 27 and 28. 

[0179} In the region 12a as shown in Figure 27, 
each detection zone 11 carries an element 15a of a 
detector 15 constituted in the example shown by an 
electrical conductor. Each element 15 of a detection 
zone 11 is connected via an independent electrical line 
16a to the processor system 30 (not shown in the figure) . 
The lines 16a are electrically insulated. In Figure 27 , 
only some of the lines 16a are shown for reasons of 
clarity, but all of the elements 15a are connected by 
lines 16a to the processor system. The eight lines 16a 
shown constitute a bus. 

[0180] In Figure 28, there is shown a portion of 
the opposite region 12b. Each detection zone 11 includes 
an element 15b of a detector 15. The elements 15b are 
likewise electrical conductors in the example shown, and 
they are all electrically interconnected, with the 
electrical line 16b thus being common to all of the 
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detectors 15 and being connected to electrical ground, 
for example. 

[0181] The lines 16a and 16b present undulations 
in the example shown, thus giving these lines elasticity 
in all dimensions, thereby reducing the risk of the 
elements 15a and 15b or the lines 16a and 16b breaking. 

[0182] In operation, the pressure generator 20 
causes pressure to sweep between a minimum pressure and a 
maximum pressure. 

[0183] The state of the contacts between the 
regions is displayed on a computer screen (not shown) , 
e.g. in real time . 

[0184] By using sensors disposed on the seat 
proper of a seat, it is possible to avoid sores forming, 
where sores constitute a pathology that results from 
applying too much pressure to living tissue, in 
particular pressure greater than the capillary perfusion 
pressure (32 mmHg) over a long period of time. 

[0185] When prolonged high pressures are detected 
that can trigger a warning to persons interested, and in 
particular to care staff who will then take the necessary 
actions by changing the pressure points or by changing 
the selected anti-sore support. 

[018 6] Such a device may be for use by people of 
reduced mobility, of old age, people with chronic and 
accidental handicaps, such as quadriplegics and 



paraplegics, people with third-degree burns, or patients 
during lengthy hospitalization. 

[0187] It would not go beyond the ambit of the 
present invention if the seat were to be replaced by a 
mattress on which the patient is prone, 

[0188] 

[018 9] An example of an application to a member for 
grasping or clamping 

Another example of a use for a sensor of the 
invention is shown in Figure 29. 

[0190] . This is a device R for clamping or 
grasping comprising or at least forming a clamp in the 
form of an artificial hand provided with at least one and 
in particular a plurality of sensors 10. 

[0191] Such a device can be of use in robotics, in 
the development of haptic interfaces, e.g. for the 
purpose of assisting in performing medical acts during 
surgical operations. 

[0192] Examples of other applications 

The use of a sensor made in accordance with the 
invention may have a variety of purposes. 

[0193] For example a sensor may be used with a 
living being, in particular in the human body, in order 
to measure pressure in living tissue as an interface 
between two soft' surfaces or between a soft surface and a 
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hard body, or indeed the pressure within a substance that 
is soft or deformable, e.g. in the internal cavities, and 
in particular the intestine, the vagina, or the 
esophagus. 

[0194] A sensor may also be used for measuring 
pressures applied to the human body by garments, seats, 
or helmets for the purposes of studying comfort, by 
elastic stockings or other garments, e.g. for preventing 
phlebitis . 

[0195] A sensor may also be used for taking 
measurements relating to foods, e.g. for the purpose of 
testing ripening, e.g. of a fruit as a function of its 
hardness . 

[0196] A sensor may also be used for 
characterizing the pressures and pressure distributions 
in devices for grasping or clamping. 

[0197] A sensor may be used for monitoring the 
interface pressure in mattresses or seats, or for testing 
the effectiveness of an anti-sore device, e.g. a 
mattress. It is also possible to measure the propagation 
of pressure as can be important for massaging and 
draining blood and lymphatic microcirculation. It may 
also be used to prevent . scars . 

[0198] A sensor can be used to verify that a 
hydraulic and pneumatic lifting device is acting 
uniformly. 



[0199] In another of its aspects, the invention 
also provides a mattress including a sensor made in 
accordance with the invention. 

[0200] In another of its aspects, the invention 
also provides a seat, e.g. a vehicle seat or a wheel 
chair, including at least one sensor as defined above. 

[0201] In another of its aspects, the invention 
also provides an anti-sore device including a sensor made 
in accordance with the invention. 

[0202] An "anti-sore" device is a mattress, a 
seat, or a garment, for example, filled with a fluid, 
e.g. water or a gel, or presenting an ergonomic shape. 

[0203] In another of its aspects, the invention 
also provides a garment, in particular an intelligent 
garment, or a helmet, and including a sensor made in 
accordance with the invention. 

[0204] The term "intelligent garment" is used to 
mean a garment provided with at least one sensor, e.g. a 
temperature sensor, and/or a cardiac frequency sensor, 
and/or a breathing frequency sensor, and/or a position 
sensor, amongst other possibilities. An intelligent 
garment can be useful for tracking variations in one or 
more biological and/or physical parameters relating to 
the person wearing it. 



[0205] In another of its aspects, the invention 
also relates to elastic stockings or fabric including a 
sensor made in accordance with the invention. 

[0206] In another of its aspects, the invention 
also provides a device for grasping or clamping soft 
bodies and/or bodies of irregular shapes and/or of a 
fragile nature, the device including a sensor made in 
accordance with the invention. 

[0207] In another of its aspects, the invention 
also provides a hydraulic or pneumatic lifting device 
including a sensor made in accordance with the invention. 

[0208] Throughout the description, including in 
the claims, the term "comprising a" should be understood 
as being synonymous with "comprising at least one" unless 
specified to the contrary. 



